Introduction
Monoazo disperse dyes with thiazolediazo components have been intensively investigated to produce bright and strong colour shades ranging from red to greenish blue on synthetic fibre.Colour Index described various basic, direct, vat and disperse dyes wherein thiazole nucleus occurs [1] . Before 1950, almost all the disperse blue dyes used were prepared from the anthraquinone class and had the limitations of poor dischargeability and sensitivity to oxide of nitrogen. Derivative of 2-aminothiazole has a long history of use as heterocyclic diazo components for disperse dyes [2] .
In this regard, azo dyes based on heterocyclic amines have been developed, and the resultant dyes have higher tinctorial strength and give brighter dyeings than those derived from aniline-based diazo components. For instance, amino-substituted thiazole, isothiazole, thiophene, and pyrazole compounds afford very electronegative diazo components and, consequently, provide a pronounced bathochromic effect compared to the corresponding benzenoid compounds [3] [4] [5] .
In this paper, disperse dyes where synthesized by diazotization of some aminothiazole derivatives and then coupled to pyridone. These disperse dyes obtained were refluxed using phosphorus oxychloride to infuse reactive groups into the disperse dyes thereby obtaining the disperse-reactive dyes suitable for application on polyester/cotton blend fabrics. Spectral characteristics of these dyes were carried out also dye exhaustion and fixation were calculated and the various fastness tests such as washing, light, perspiration and rubbing were also investigated to determine the dye subtsantivity for the fabric.
Synthesis of pyridone
A mixture of ethylcyanoacetate (56.56g, 0.5mol) and ammonium hydroxide (70ml, 0.5mol) was stirred until a clear solution was obtained and ethylacetoacetate (65.07g, 0.5mol) was added. The mixture was refluxed for 9 hours at 110°C. The solution was diluted with water (400ml) and acidified with hydrochloric acid to give a white solid. This was filtered and washed with water.
Diazotization of 2-amino-4-phenylthiazole
Nitrosylsulphuric acid was used for the diazotization. It was prepared by adding sodium nitrite (0.83g, 0.01mol) to sulphuric acid (98% 11.96g, 0.12mol) at 30°C, heating the stirred mixture to 60-65°C over15mins and maintaining this temperature for 30mins to ensure complete dissolution of the sodium nitrite. The reaction mixture was cooled to 5°C, acetic acid (5 ml) was added and stiring continued for 10min. The temperature was then reduced to -5°C, the appropriate aminothiazole (0.01mol) was added over 30min and the whole reaction mixture was stirred at the same low temperature for at least 2hrs.
Coupling diazotized 2-amino-4-phenylthiazole with Pyridone
A solution of the coupling component (0.13mol) in acetic acid (15ml) was added to an ice-water mixture (200g) in a beaker equipped with a mechanical stirrer and pH meter. A pinch of sulphamic acid was added followed by the addition of the diazonium salt liquor (0.13mol) at 0-5°C over 1hr, the mixture was stirred for at least 3hrs at ambient temperature. During the addition and stirring period the pH was adjusted to 1.5-2.0 by drop-wise addition of aqueous sodium hydroxide to the coupling bath. Finally the pH was raised to 4.0-4.5 and the precipitated product was collected, washed with cold and hot water and dried. The product was recrystallized from methylated spirit. The physical properties of the various dyes are shown in Table 1 .
Synthesis of disperse-reactive dyes
The disperse dyes (2.5g, 0.01mol) were refluxed with phosphorus oxychloride (40ml, S.G 1.675, 0.432mol). On addition of the phosphorus oxychloride, the colour changed from red to yellow and then red after 1hr reflux. Refluxing was continued until the reaction was complete (10hrs). Most of the phosphorus oxychloride were then distilled under vacuum and the remaining mixture (about 10ml) was added to ice-water (about 300g) with vigorous stirring. The resulting dark oily compound yielded on prolonged stirring a red solid. The product was filtered and washed acid free with water and dried at 40-50°C. It was recrystallized from benzene to yield red crystals. The physical properties of the synthesized dyes are shown in Table 1 . IR spectra and visible absorption spectra are recorded in tables 2 and 3.
Dyeing of Polyester
The dye baths were prepared from the dye (2% O.W.F) with a dispersol-levelling agent (1 g· 1 litre) and 5% toluene as carrier to a final liquor of 50:1, w/w. The pH value of the bath was adjusted to 4 -5 with acetic acid (10%). The polyester fabrics, previously wetted, were placed into the liquor at 25°C -30°C. The temperature was raised to 100°C at the rate of 2°C/min, and dyeing continued for 60 min. After cooling, the dyed fabrics were reduction cleared in sodium hydroxide (2g· 1 litre), dispersing agent (1.5 g· 1 litre) and sodium dithionite (2 g· 1 litre) at 60°C for 30mins and then washed and dried. Percentage exhaustion was calculated to determine the dye absorption unto the fabric.
Dyeing of Nylon
The procedure carried out for dyeing of the polyester fabric was repeated here but this time without a carrier.
Dyeing of Polyester/cotton blend
The procedure described above for dyeing of polyester was carried out and at the end of the dyeing process, the temperature was reduced to 70°C and the dye bath made alkaline (with 0.1M sodium hydroxide) to fix the reactive dye unto the cotton. This was done for 30mins after which the fabric was removed, squeezed, thoroughly rinsed under a running tap and allowed to dry at room temperature. The polyester/cotton blend was also dyed with the disperse-reactive dyes but this time without the alkaline fixation. This was done in order to compare the fixation values with that in which alkaline fixation were carried out.
Fastness Tests
The various fastness tests such as washing, light, perspiration and rubbing was carried out. The wash fastness test was carried out using the ISO number 3 method, the light and perspiration fastness was assessed in accordance with BS:10061978 while the rubbing fastness test was carried out usingcrockmeter (Atlas) in accordance with AATCC-1961. The %exhaustion and %fixation was carried out according to known method [6] . The results for the exhaustion and fixation values and also the fastness tests are shown in tables 4-7.
III. Results And Discussion
Synthesis of Dyes and Intermediates 2-amino-4-phenylthiazoles (1a-1e) were prepared from acetophenone and thiourea in the presence of resublimed iodine. 
Synthesis of Pyridone.
The coupling component pyridone (2a) was synthesized from ethylcyanoacetate, ethylacetoacetate and ammonium hydroxide.
Scheme 2: Schematic route for the synthesis of pyridone
The 2-amino-4-phenylthiazoles were then diazotized using the nitrosylsulphuric acid method and the diazonium salts (3a-3e) were coupled topyridone (2a). The azo disperse dye (4a-4e) thus obtained were purified by recrystallization from methylated spirit. The disperse-reactive dyes (5a-5e) were obtained by refluxing these disperse dyes with phosphorus oxychloride for about 10hrs. These dyes were then purified by recrystallization from benzene to obtain red crystals.
Scheme 5: Schematic route for the synthesis of disperse-reactive dyes 5a-5e
The structures of the intermediates were confirmed using IR while the structure of the dyes was confirmed using IR and GC-MS. The physical characteristics of the dyes are shown in table 1. The visible absorption spectra of the synthesized dyes was taken in acetone, dimethyl formamide (DMF), ethanol and in ethanol plus a drop of HCl, this was to compare the various solvent polarity for the synthesized dyes. From the results summarized in table 3 it can be seen that the dyes showed higher absorption wavelength in acetone. The molar extinction coefficient was also calculated from a standard solution using acetone as the solvent.
The effects of solvent polarity on the maximum absorption wavelength of the dyes were also studied. The results shows that most of the dyes showed positive solvatochromism when the solvent is changed to a more polar solvents. For example dye (4a) absorbs at 505nm in ethanol but when the solvent is changed to a more polar solvent, acetone it absorbs at 515nm indicating a bathochromic shift of 10nm. Also dye (4b) exhibits this same effect as it absorbs at 510nm in ethanol and 520nm in acetone. Dyes (5a) and (5c) show the greatest effects of positive solvatochromism as it absorbs at 538nm in ethanol and 615 in acetone also dye 5c absorbs at 514nm in ethanol and 595nm in acetone indicating a bathochromic shift of +77 and +81nm respectively.
Some of the dyes however, showed negative sovatochromism when solvent is changed to a more polar solvents.
For example dyes (4d) and (4e) absorbs at 415nm and 420nm in ethanol and when the solvent was changed to acetone it absorbs at 410nm and 415nm indicating a negative solvatochromism (hypsochromic shift) of -5nm. Dye (5b) show the greatest effect of negative solvatochromism as it absorbs at 611nm in ethanol and 600nm in acetone indicating negative solvatochromism of -11nm.
Also from table 3 most of the dyes showed positive halochromism. For example dye (4a) absorbs at 505nm in ethanol and when a drop of HCl is added to its ethanolic solution it absorbs at 510nm indicating a positive halochromism of 5nm. Similarly, dyes (4b), (4d), (5c) and (5e) showed similar effect of positive halochromism with values of +10nm, +5nm, +11nm and+ 5nm. Dye (5a) showed the greatest effect of positive halochromism of +17nm. A few of these dyes showed negative halochromism for example dye (4e) absorbs at 420nm in ethanol and when a drop of HCl is added to the solution, it absorbs at 410nm indicating a negative halochromism of -10nm similar effect occur with dye (5b) giving a negative halochromism of -21nm.
Dyeing and Fastness properties
The dyes were applied to polyester, nylon and polyester/cotton blend using the methods described above.The dyes gave very good levelness and fibre penetration on polyester nylon and polyester/cotton blend. The exhaustion was good up to 95% and fixation values up to 93%. The dyes gave very-good to moderate wash, perspiration and rubbing fastness while the light fastness result was between good to fair. The results show that nylon gave higher exhaustion values than polyester for most of the dyes this can be attributed to the amorphous nature of the nylon fabric and hence easy penetration of the dye molecules than the polyester fabric which is highly crystalline. It can also be seen from table 5 that the %fixation was higher for those in which alkaline fixation were carried out indicating that alkaline fixation is necessary when dyeing polyester cotton blend with disperse-reactive dyes to fix the reactive dyes on the cotton component of the blend. 4c  3  2  4  3  ---4d  4  5  3  3  -4e  3-4  5  3  ---5a  ----5  3  5b - 
IV. Conclusion
A series of aminothiazole and substituted aminothiazole disperse dyes which were further converted with phosphorus oxychlorideto disperse-reactive dyes was achieved in this work. This synthesis was obtained using conventional methods and the synthesis is extremely convenient and relatively inexpensive. Thesedyes provide bright shades of red and an outstanding property of these dyes is their high affinity and intensity of colour with only a small molecule of the dyes. The nature of the substituents in the diazo component has little or no effect in the visible absorption spectra and shade of the dyeing. Furthermore these dyes show good exhaustion, fixation, and uniform dyeing properties in addition to the good fastness properties. These dyes can hence be used commercially.
